INTRODUCTION
Hospital readmission within 30 days of discharge, that is, 30-day readmission, has been increasingly proposed as an indicator of the quality of hospital care and of transition care to the outpatient setting. 1 In Brazil, since 2015, the National Agency for Supplementary Health also incorporated 30-day readmission as an indicator of health care assistance quality. 2 Between hospitals comparisons, adjusted for patients' characteristics and for the community within which a hospital is located, 3 can help identify institutions with worse performance allowing for adoption/reviewing of clinical protocols to improve hospital care. 4 Economically, readmissions are expensive and consume a great share of health-designated expenditures. 5 Altogether, studies have suggested that the keeping of 30-day readmission rates within the expected average values can result in a win-win scenario: improvement in hospital quality and efficiency, allowing for better allocation of health expenditures.
In the United States, all-cause 30-day readmission rate in the general population is estimated at 14%. 6 Additionally, of the overall 30-day readmissions, 30% are thought to be potentially preventable events. 7 Several chronic medical conditions have been associated with high 30-day readmission rates with HIV being recently included among these conditions. [8] [9] [10] A recent study conducted in the United States showed a 1.5-fold increase in the risk of readmission for HIVinfected patients compared with their non-HIV-infected counterparts. 10 Moreover, among HIV-infected patients, the proportion of potentially preventable readmissions is suggested to be even higher, reaching 53%. 11 The study of 30-day readmission rates and its predictors among HIV-infected patients can provide relevant information to guide monitoring of hospital quality and transition of care with the goal of reducing morbidity of the HIV-infected population. To the best of our knowledge, studies addressing 30-day readmission rates and its determinants in HIV-infected populations are restricted to high-income settings [10] [11] [12] [13] [14] [15] [16] [17] and the findings likely do not reflect low-to middle-income settings because of dissimilarities in infectious diseases burden as well as differences in the provision and structure of health care. In this study, we sought to (1) estimate 30-day readmissions rates among HIV patients living in a middle-income setting and (2) identify patient-level and health care-level factors that were associated with higher risk of 30-day readmission among HIV-infected patients from a cohort in Rio de Janeiro, Brazil, during the period of 2007-2013.
METHODS

Study Site and Population
Since 1986, Instituto Nacional de Infectologia Evandro Chagas of Fundacao Oswaldo Cruz (INI/FIOCRUZ) has been a national referral center for infectious diseases care, research, and training, being one of the largest providers of primary, specialty, and tertiary care for HIV-infected individuals in the state of Rio de Janeiro. INI comprises an Infectious Disease tertiary hospital, Evandro Chagas Hospital, a day clinic (for chemotherapy and other parenteral drugs administration), an outpatient clinic, and an emergency department, all funded by the Brazilian national health system (known as Sistema Único de Saúde). All HIV-infected patients followed in the INI cohort have free-of-charge access to INI's facilities as well as to antiretroviral treatment and other medications (opportunistic infections prophylaxis, Kaposi sarcoma chemotherapy, and diabetes, hypertension medications, etc.) provided by the Brazilian national health system. A longitudinal, periodically updated, observational clinical database has been maintained on patients receiving HIV care at INI. The database includes sociodemographic, laboratory, clinical, and therapeutic information abstracted from the medical records by trained staff. Additionally, dates of admission and discharge to Evandro Chagas Hospital are also included in the database along with discharge diagnoses and summary. Cohort procedures have been described and results published. [18] [19] [20] For the present study, the study population included adult ($18 years of age at cohort enrollment) HIV-infected patients, enrolled in the INI cohort between January 01, 1985 and December 01, 2013, who were alive and in active care (at least one medical visit) after January 01, 2007.
Outcome Definition
Index hospitalizations were defined as: (1) the first hospitalization in the study period or any hospitalization occurring .30 days after the most recent previous hospitalization, and (2) for which there was a live discharge. Hospitalizations occurring from January 01, 2007 (or from date of cohort enrollment for those enrolled after this date) until December 31, 2013 were considered. Patients were not censored after a hospitalization such that all hospitalization events during the years 2007-2013 were included. The only exceptions were the exclusion of hospitalizations (1) with admission date before February 01, 2007 because of the need to observe 30 days before a potential index hospitalization, and (2) with discharge date after November 30, 2013 because of the need to observe 30 days after a discharge for potential 30-day readmissions. Hospital readmissions occurring within 30 days of an index hospitalization discharge were defined as 30-day readmissions. When a "chain" of multiple readmissions with less than 30-day intervals each followed an index hospitalization, all readmissions in the chain were excluded from being an index hospitalization. Thirty-day readmission rate was calculated by dividing the number of 30-day readmissions by the number of index hospitalizations.
Independent Variables
Sociodemographic and clinical variables were evaluated for association with 30-day readmission risk. CD4 count and HIV viral load closest to index hospitalization were selected on a time frame of 180 days before and 30 days after the hospital admission date. Antiretroviral therapy (ART) use before index hospitalization was defined as a dichotomous yes/no variable based on ART initiation any time before index hospitalization admission. Because we do not have information on adherence, after ART first prescription, participants were defined as on ART. Time since HIV infection diagnosis was calculated as the difference between date of index hospitalization admission and date of the first positive HIV test. Type of hospitalization discharge was based on discharge reports and categorized as follows: according to medical advice, against medical advice, transfer to another hospital facility, and unknown. Length of stay (LOS) was calculated by subtracting hospital admission date from date of discharge and adding 1. Use of intensive care unit (ICU) (yes/no) was used as a proxy for the severity of the patient's clinical condition. Early transition from hospital to outpatient care was evaluated through the presence of a medical visit within 30 days of index hospitalization discharge or before readmission for those readmitted within 30 days.
Hospitalization discharge reports were reviewed and all the diagnoses listed in the discharge report were classified using the International Classification of Disease, 10th Revision (ICD-10), into 24 different categories. 19 Since some ICD-10 codes could be allocated to several categories, we considered a hierarchical classification scheme with a decreasing order of priority as follows: AIDS events, non-AIDS malignancies, infections, and then systemic events. 19 Subsequently, to determine the primary cause of a hospitalization, the one or more ICD-10 codes listed in the discharge reports were hierarchically classified as follows: AIDS-defining diseases, non-AIDS malignancies, cardiovascular disease, bacterial infections, fungal infections, viral infections, parasitic infection, digestive diseases, renal diseases, respiratory diseases, neurological diseases, endocrine diseases, hematological diseases, psychiatric diseases, viral hepatitis, non-viral hepatitis, dermatological diseases, rheumatologic diseases, trauma, gynecologic disease, toxicities, others and signs and symptoms. regression models (accounting for clusters within patients). Patient's follow-up started on the day of discharge from the index hospitalization and ended at the readmission date, date of death, or 30 days after index discharge, whichever occurred first. Variables with P , 0.10 in the unadjusted analysis were included in the adjusted model to explore their effects after adjusting for all potential confounding. The variable "medical visit within 30-day of discharge" was included in the model as a time-dependent variable such that a patient's follow-up time was split into before and after the medical visit for those who attended a medical visit within 30 days of discharge. Using this approach, we also prevented a potential time-dependent bias, whereas patients who are soon readmitted have a decreased chance of having a medical visit after discharge. Proportional hazards assumption was tested using Schoenfeld residuals. R (version 3.3.0) and library "survival" were used for the analyses.
Ethical Considerations
This study was approved by the ethics committee of INI (CAAE 0032.0.009.000-10) and was conducted according to the principles expressed in the Declaration of Helsinki. All patient records/information were deidentified before analysis.
RESULTS
During the study period, from the 3991 included patients, 3014 were never hospitalized whereas 977 had at least one hospitalization during the study period. In total, 1861 hospitalization events occurred: 1442 were considered index hospitalizations, 202 were 30-day readmissions, and 16 index hospitalizations were followed by death after discharge (without readmission) (Fig. 1 ). Thirty-day readmission rate was estimated as 14.0% (95% confidence interval [CI]: 12.3 to 15.9). For those who readmitted, the median time between index discharge and readmission was 14 days (interquartile range: 7-21). The three most frequent causes of index hospitalizations were AIDS-defining diseases (688/1442, 47.7%), bacterial infections (289/1442, 20.0%), and cardiovascular diseases (117/1442, 8.1%) (Fig. 2) . Thirty-day readmission rate among AIDS-defining diseases index hospitalizations reached 18.8% (95% CI: 15.9 to 21.9), which is higher than the overall rate. The highest readmission rate was observed for endocrine diseases (20.0%, 95% CI: 3.5 to 55.8), which comprised only 0.7% (n = 10) of the index hospitalizations (Fig. 2) . Among the 202 readmissions, the most frequent cause of hospitalization was AIDS-defining diseases (129/202, 63.9%) and the second most frequent cause was bacterial infections (36/202, 17.8%).
Patients' characteristics at the moment of the index hospitalization admission (stratified by yes/no 30-day readmission), as well as the unadjusted hazard ratios are shown in Table 1 . Compared with patients not readmitted, those who were readmitted were more likely to have recent (#30 days) HIV infection diagnosis (14.9% vs. 8.5% among nonreadmitted, x 2 , P = 0.019) and lower CD4 counts (median 118 vs. 191 cells/mm³ among nonreadmitted, Wilcoxon rank sum test, P , 0.0001). However, patients who were readmitted were less likely to have used ART before index hospitalization (66.3% vs. 76.3% among nonreadmitted, x 2 , P = 0.003) and to attend a medical visit within 30 days after index discharge (37.6% vs. 74.7% among nonreadmitted, x 2 , P , 0.001). Moreover, index hospitalizations that were followed by 30-day readmissions had longer LOS (median 16 days vs. 12 days among nonreadmitted, Wilcoxon rank sum test, P , 0.001), had higher frequency of ICU stay (15.3% vs. 9.4% among nonreadmitted, x 2 , P = 0.015), and more likely ended with a discharge against medical advice (5.4% vs. 2.5% among nonreadmitted, x 2 , P = 0.029).
In unadjusted models, recent HIV infection diagnosis (#30 days), CD4 counts below 200 cells/mm³, LOS longer than 21 days, and ICU stay and discharge against medical advice significantly increased the risk of 30-day readmission. However, ART use before index hospitalization, being hospitalized in most recent calendar years and attending medical visit within 30 days after discharge protected against 30-day readmission (although this last variable had P = 0.072) ( Table 1) .
The final adjusted model is shown in Figure 3 . Comparing the effects of the independent variables in the unadjusted and adjusted models, we found that after adjusting for covariates, the protective effect of attending a medical visit within 30 days of discharge remained similar but it gained statistical significance (adjusted hazard ratio [aHR] = 0.73, P = 0.048). Being hospitalized in most recent years also remained significant in the adjusted models (aHR = 0.89, P = 0.002). The protective effect of ART use before hospitalization observed in the unadjusted model was attenuated but the point estimate remained protective (although not statistically significant) after controlling for covariates (aHR = 0.73, P = 0.113). However, CD4 counts # 50 cells per cubic millimeter (aHR = 2.05, P = 0.003) and between 200-51 cells per cubic millimeter (aHR = 1.70, P = 0.024) and leaving the hospital against medical advice (aHR = 2.67, P = 0.004) increased the risk of 30-day readmission. Additionally, after adjusting for covariates, having HIV infection diagnosis for 10 or more years also borderline increased the risk of 30-day readmission (aHR = 1.58, P = 0.058).
DISCUSSION
In the present study, we have estimated the 30-day readmission rate for an HIV-infected cohort followed in Rio de Janeiro, Brazil. Our estimated 14% readmission rate is lower than the rates reported for HIV-infected patients in high-income settings. Nijhawan et al 17 estimated a 25% readmission rate in Dallas, United States, Berry at al 16 reported 19% readmission rate for the HIV Research Network (HIVRN; which includes 12 sites in the United States), and a US national report (using data from Healthcare Cost and Utilization Project) found a readmission rate of 20% for HIVinfected patients. 10 The reasons for the disparate readmission rates likely include patient, hospital, and health care system as well as community characteristics 3 beyond those that we have been able to address. Nonetheless, patient-level characteristics shown to increase the risk of readmission, such as those indicative of advanced disease, were similar among ours and the previous studies, 16, 17, 21 highlighting subpopulations for whom efforts could be targeted. Moreover, our results shed light on the benefits of an early postdischarge medical visit in preventing readmission.
After adjusting for potential confounding variables, having an early postdischarge medical visit reduced the risk of readmission by 27% in our study population. This finding is in agreement with a previously described protective effect of careful transitioning to the outpatient setting on reducing the risk of readmission among patients with other chronic conditions. [22] [23] [24] [25] Additionally, it might indicate a better postdischarge support system (ie, family and social support) that has also been associated with lower risk of hospital readmission. 24, 26 Interestingly, among HIV-infected patients, only one study reported on this association and found no link between early transition to outpatient care and 30-day readmission. 16 Thus, although our results are consistent with previous studies that included patients with other chronic diseases, confirmatory studies are needed to provide more reliable information on the effect of attending an outpatient visit on 30-day readmission rates for the HIVinfected population.
Our study corroborates results reported by Berry et al, Feller et al, and Nijhawan et al 16, 17, 21 by showing that a proxy of advanced HIV/AIDS disease such as low CD4 counts at index hospitalization is associated with an increased risk of readmission. This finding highlights the impact that advanced chronic diseases, 27, 28 in our case, advanced HIV disease, have on 30-day readmission risk. To focus clinical efforts in this severely ill subpopulation seem feasible given they represent only a small fraction of patients under follow-up. For the present cohort, this subpopulation would amount to approximately 15% of the patients under follow-up, as only 588 patients had an AIDS-defining disease or poor immune Another interesting finding from our study was the fact that long-term HIV-infected patients, that is, those diagnosed for 10 or more years, were at higher risk of 30-day readmissions after controlling for all other covariates (including age). We can speculate on some plausible explanations for this finding. It is possible that some chronically HIV-infected patients, likely heavily ART experienced, are presenting with multidrug HIV resistance and/or poor adherence and therefore disease progression, leading to increased risk of readmission. This hypothesis is supported by the fact that although 94.2% of those patients had used ART before index hospitalization, less than half (47%) had a viral load , 400 copies per milliliter (data not shown). Another possible reason would be the fact that HIV chronic infection leads to persistent inflammation and immune activation, which is associated with increased risk of cardiovascular disease, cancer, and other non-AIDS-related events. 29, 30 Corroborating this hypothesis, we found that index hospitalizations among patients with HIV diagnosis for 10 or more years were less likely to be because of an AIDS-defining disease (29% vs. 47% among all index hospitalizations), and that the readmission rate for digestive diseases index hospitalizations surpassed the one for AIDS-defining diseases index hospitalizations (23.8% vs. 21.4%), highlighting the importance of non-AIDS events on the risk of readmission for this particular population subset. In summary, a multicausal pathway that encompasses aging, higher prevalence of noncommunicable diseases, and ART failure seems to be a more plausible explanation for the increased readmission risk observed among long-term HIV-infected patients. Additionally, our results show that patients who left the hospital against medical advice had a 2-fold higher risk of 30-day readmission. Indeed, discharge against medical advice had already been associated with increased risk of 30-day readmission in the general population 31 and among those with HIV. 13, 21, 32 Interestingly, compared with HIV-uninfected patients, HIV-infected patients were shown to have a higher risk of leaving the hospital against medical advice. 32 Specifically, among HIV-infected patients, leaving hospital against medical advice led to a 5-fold increased odds of 30-day readmission for a related diagnosis and was associated with longer readmission LOS (compared with those who had been formally discharged). 13 Altogether, interventions focusing on reducing such discharges are needed to improve patients' health and reduce unnecessary costs with readmissions.
AIDS-defining diseases were the main cause of index hospitalizations comprising almost half of all admissions, followed by bacterial infections. Endocrine diseases had the highest readmission rate in our study population, a finding that results from the very small number of index hospitalizations (ie, small denominator), whereas AIDS-defining diseases led to the second highest readmission rate. These findings are somewhat different from those observed in previous studies. In the HIVRN population, non-AIDS infections were the main cause of index hospitalizations, and the highest 30-day readmission rate was observed for oncological index hospitalizations, with the second highest 30-day readmission rate for an AIDS-defining disease index hospitalization. 16 Nijhawan et al 17 also found AIDSdefining diseases as the main cause of index hospitalizations but the oncological hospitalizations led to the 30-day readmission rates and AIDS-related diseases came in fifth. Several factors can explain these differences in the ranking of the causes of index hospitalizations and readmissions. Foremost, the burden of AIDS diseases in the context of hospitalizations is quite different between our study population and HIVRN population. In our population, the proportion of index hospitalizations that were due to AIDS-defining diseases was 5-fold higher than that observed for the HIVRN population (47.7% vs. 9.6%), 16 likely driving the ranking for both index hospitalizations and readmissions. Additionally, differences in the burden of cancer among our study population and HIV-infected populations from high-income settings might explain some of these disparities. A recent study compared the incidence of cancer (AIDS and non-AIDS defining) between HIVinfected patients from INI cohort and Vanderbilt Comprehensive Care Clinic cohort (Nashville, United States) and showed significant differences on the incidence of cancer between these 2 HIV-infected populations. 33 They showed that the incidence of AIDS-defining cancer was higher in INI than in Vanderbilt, mainly driven by Kaposi sarcoma incidence (almost 3 times higher in INI). However, non-AIDS-defining cancer incidence was higher in Vanderbilt than in INI, and the most incident cancer types were also different (anal cancer in INI vs. lung cancer in Vanderbilt). It is worth mentioning that although INI provides treatment for Kaposi sarcoma, mostly administrated in a day clinic (including monitoring and management of potential side effects such as leukopenia), all other oncological and chemotherapy-related hospitalization are referred to another facility and thus not included in this analysis. As such, the findings regarding oncological admissions and readmissions should be compared with caution with other published results.
Overall, the median LOS of index hospitalizations (12 days) surpasses the one reported for the HIVRN population (median of 5 days) 16 and the one reported by Nijhawan et al 17 (mean 7 days) but is closer to a national HIV-infected Portuguese estimate (median 11 days). 34 And similar to Berry et al, 16 we found that compared with other causes, hospitalizations because of AIDS-defining diseases were associated with longer LOS (median of 18 vs. 9 days for AIDS and non-AIDS-related hospitalizations, respectively, data not shown). Differences in hospital structure, hospital setting, and health system level factors could be the sources of such disparities. For the purpose of comparison with Brazilian data, we searched publicly available databases that provide mean LOS and found that overall the mean LOS estimated for the state of Rio de Janeiro in the period of 2008-2015 was 9 days, whereas for the same period, the national mean was 7 days revealing the high heterogeneity that exists when it comes to hospital outcomes even within Brazil. 35 There are several limitations that need to be highlighted in the present study, some of which were already addressed throughout this discussion. First, the comparison of readmission rates in our setting with that reported in the United States and other high-income countries must be made cautiously because there are hospital-level and health system-level factors, in addition to patient-level factors, that can influence this outcome. In fact, such factors likely influence 2 other outcomes related to hospitalizations, LOS, and in-hospital mortality, for which published results can be compared. The median index hospitalization LOS observed in our study is .2-fold higher than previously described in a US study (12 days vs. 5 days reported by Berry et al 16 ). One explanation for this difference is the primary cause of the hospitalization as AIDS-related hospitalizations are associated with longer LOS than non-AIDS-related ones both in high-and middle-income settings. [36] [37] [38] Moreover, in our study, AIDS-related hospitalizations comprised almost half of the hospitalizations, whereas in Berry et al 16 it represented only 9.6% of the index hospitalizations. In addition, the pressure to reduce LOS in US hospitals has led to significant reductions in LOS, 39 whereas this is much less present in the Brazilian public health system. An examination of in-hospital mortality results also shed light on the discussion. In a previous study from our hospital, we found that in-hospital mortality for HIV-infected patients was 9.2%, which contrasts with the 2.6% mortality rate reported by a tertiary hospital in New York. 40 Of note, the potential inverse correlation between in-hospital mortality and readmission risk (ie, the higher the mortality rate the lower the readmission 41 ) may also be playing a role.
Second, our study sample is from a single cohort that has access to an outpatient clinic and an infectious diseases hospital located in Rio de Janeiro; hence, our results may not reflect those for other HIV populations in Brazil. Third, hospitalizations at Evandro Chagas hospital are restricted to nonsurgical and nonobstetrics procedures, and as mentioned earlier, oncological hospitalizations (except for Kaposi sarcoma) are mainly referred to an oncological hospital and therefore our rates do not represent the entire sort of events that can happen to an HIV-infected patient. Furthermore, we cannot rule out the occurrence of readmissions to other hospitals, implying that our readmission rate may be underestimated. Finally, other factors, not addressed in the present study, were found associated with readmission and merit further investigation including socioeconomic (income, housing stability, social/family support), behavioral (alcohol use), and comorbidities (in particular mental illnesses). For instance, Feller et al, 21 while studying readmission in HIVinfected patients in New York state, identified that multiple comorbidities, alcohol abuse, diagnosis of depression or psychosis, previous hospitalizations and emergency department visits, and unstable housing all increased the risk of 30-day readmission. Additionally, recent studies have shown that functional status at index hospitalization can also be associated with early readmissions. 42, 43 In summary, we found that the 30-day readmission rate in our HIV-infected cohort of patients was 14%. To our knowledge, ours is the first study to estimate and address 30-day readmission among HIV-infected individuals in Brazil and, as such, provides a benchmark until more comprehensive data are available for the country. We also showed that attending an early medical visit after discharge had an important effect on preventing readmissions; this finding could be used to create/modify transition protocols to reduce readmission rates in the future. Finally, we demonstrated that patients with advanced HIV/AIDS (ie, low CD4 counts) have higher risk of readmission and that ART may reduce this risk, thus indicating early HIV diagnosis and prompt ART start as strategies that could reduce 30-day readmissions.
